Shifts in spectral distribution of light were determined within and below a canopy of field-grown burley tobacco (Nicotiana tabacum L cv. Burley 21). The Radiation measurements presented in this report were taken at about 1300 hours on September 1, 1967, a cloudless day. Transmission of sunlight through individual fully expanded tobacco leaves was tested with the same instruments on the same day.
Plants grown in dense populations are often taller and lighter in color than those grown in sparse populations. One difference in growth environment between dense and sparse populations is light intensity, because of shading by other plants. Spectral distribution of light received by shaded leaves in high populations may also differ from that received by unshaded leaves. Light of certain qualities (particularly red and far red, acting through the phytochrome system) is known to function in regulation of plant growth and development (2, 5, 18, 20) . This report is concerned with spectral distribution of light within a canopy of field-grown burley tobacco, and the relationship of a shift in relative amounts of red and far red light on growth and development responses of tobacco plants under controlled environments. 1 The investigation reported in this paper is in connection with a cooperative project of the Plant Science Research Division, Agri (9) . Roots were washed and cut back to a 1 cm "brush," and all leaves longer than 5 cm were removed at the beginning of the experimental period. Plants were placed about 30 cm apart in plastic pans, and roots were suspended in aerated nutrient solution (9) during the treatment period.
Treatments. Throughout the controlled environment experiment, all plants were kept in the same growth environment except during the daily irradiations with red or far red light.
The chamber was kept at 25 C, and the plants received 8-hr, 2200-ft-c photoperiods from cool-white fluorescent lamps. Red light (360 uw/cm' over the wavelength band of 600-700 nm) was obtained by filtering radiation from cool-white fluorescent lamps through two layers of red cellophane. Far red (360 ,w/cm' over the region of 700-770 nm) was obtained from internal reflector incandescent-filament flood lamps through two layers of red and two layers of dark blue cellophane. Red and far red irradiations were applied for 5 min each day, at (10) . The reversible photochemical change from the red-absorbing form to the far red-absorbing form of phytochrome, and vice versa, depends upon the intensity and energy distribution of the light received, as well as the absorption coefficients and quantum efficiencies of the two forms of phytochrome (7) . In a given waveband the reaction is driven toward photochemical equilibrium in about a minute at intensities of less than 1% of sunlight (7). Thus, the intensities within the tobacco canopy (Table I) (Table III) .
Similarly, Shaw and Gossett (17) showed that stem elongation of tobacco seedlings grown in sunlight was positively correlated with the number of plants per unit area. Others (21) found that tobacco plant population significantly affected leaf area and leaf geometry, such that individual leaves were slightly shorter and much narrower at high populations as compared with the low. These morphological differences may have been caused by a shift in spectral composition of light received during plant development; however, the response to light quality may have been confused with response to light intensity and other factors in the field.
Developmental Responses to End-of-Day Red and Far Red Light in Controiled Environments. Since the ratio of red to far red radiation differed widely in light received by the uppermost leaves and that received by shaded leaves (Table II) , developmental responses of tobacco to end-of-day red and far red light were compared. In preliminary tests of multiple reversibility of the effects of red and far red light (unpublished), tobacco plants always responded to the quality of light received last prior to darkness; therefore, single 5 min end-of-day exposures to red or far red light were used in this work to maintain equal total energies received by both treatment groups. In this manner, it was possible to test one factor of shading (light quality) on plants that, except for the brief red and far red irradiations, received the same environments. The number of leaves developed per plant during an 18-day treatment period did not differ between end-of-day treatments; however, leaves on plants that received far red light last, each day, were relatively narrow, light green in color, and had less dense laminae than did leaves from plants that received red light at the end of their daily illumination periods (Table IV) . Red-irradiated plants had shorter stems and heavier roots. Branching (suckering) occurred from the axils of lower leaves on red-irradiated plants, but no branches developed on plants that received far red light last each day.
Photoreversibility of the action of red by far red light, and vice versa, is evidence of phytochrome involvement; however, little is known about the events following the photochemical reaction (6) . Phytochrome may be involved in cell membrane permeability (8) and in some manner influence effective levels of natural growth substances. It seems likely that control of stem lengthening and lateral branching ultimately resides in a change in the balance of natural growth substances within the plant. Antagonisms and synergisms exist between groups of growth regulators, and changes in their relative concentrations influence growth expression (13) .
Several investigators (4, 14) found that red irradiation resulted in decreased assayable auxin, and in a depressed rate of stem elongation. However, applied gibberellin, rather than auxin, counteracted the stem growth inhibition triggered by red light (14) . Also, lateral buds have been released from auxininduced apical dominance by application of cytokinins to aerial parts of intact plants (16) . It is possible that stem inhibition and lateral branch formation on the red-radiated tobacco plants (Table IV) were controlled by a shift in the auxin-gibberellin-cytokinin balance as a consequence of the end-of-day radiation. photosynthate accumulation (i.e., dry weight per plant) in the far red-irradiated tobacco plants may have been due to a lower photosynthetic capacity of the relatively thin leaves that developed as a consequence of the end-of-day radiation (Table   IV) . In addition to the pronounced differences in developmental morphology (Tables IV and V) , end-of-day manipulaPlant Physiol. Vol. 47, 1971 
